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ABSTRACT: This study aims to analyze the influence of project quality factors on the implementation of the embankment 

reinforcement project at Jalan Cumi-Cumi (Coast Area), Palu City. This research is motivated by the importance of construction 

quality in infrastructure projects, particularly in embankment projects that function as protection against erosion and flooding. The 

research employs a quantitative approach with explanatory research methods, supported by a qualitative approach through 

interviews and field observations. Data were collected through questionnaires, interviews, surveys, field observations, and 

documentation involving 25 respondents, including project owners, technical implementers, field supervisors, project managers, 

and quality control personnel. Data analysis was conducted using multiple linear regression techniques to examine the influence of 

the independent variables, namely expected quality standards (X₁) and actual company quality (X₂), on the dependent variable,  

namely construction quality implementation (Y). The research findings reveal that both simultaneously and partially, the expected 

quality standards and actual company quality have a significant influence on the construction quality implementation. The 

coefficient of determination (R²) value of 78.7% indicates that the variation in construction quality implementation is influenced 

by variables X₁ and X₂. These findings emphasize that the alignment between planned quality standards and actual on-site quality 

plays a crucial role in ensuring the success of project implementation. Specifically, the use of K-250 precast concrete was proven 

to significantly contribute to improving construction quality. Laboratory test results showed that K-250 precast concrete met the 

specified technical standards. The results of interviews and field observations further reinforced that material factors, construction 

methods, supervision, and workforce skills are key components affecting construction quality in this embankment reinforcement 

project.  

KEYWORDS: construction quality, embankment project, precast concrete, multiple linear regression, Jalan Cumi-Cumi. 

 

INTRODUCTION 

Infrastructure development in Indonesia plays a critical role 

in enhancing connectivity and economic growth. One of the 

vital aspects of infrastructure projects is construction quality, 

especially in embankment projects that serve as protective 

structures against erosion and flooding. Inadequate attention 

to construction quality can result in faster damage to 

embankment structures, leading to significant structural 

failures. The 2018 Palu earthquake highlighted the 

vulnerability of infrastructure in coastal areas. This study 

addresses the knowledge gap in the construction quality of 

coastal embankment projects by analyzing key quality 

factors affecting the embankment project at Jalan Cumi-

Cumi, Palu City. It identifies the dominant factors 

influencing construction quality using a mixed-method 

approach, combining quantitative and qualitative analyses. 

In addition, the devastating 2018 Palu earthquake 

served as a stark reminder of the vulnerability of coastal 

infrastructure in disaster-prone areas. This event 

underscored the importance of constructing embankments 

that are not only structurally sound but also resilient to 

natural hazards such as earthquakes and tsunamis. Projects 

like the Cumi-Cumi coastal embankment in Palu City have 

thus become focal points in the government's efforts to 

strengthen disaster mitigation infrastructure. These projects 

also present opportunities to integrate rigorous quality 

control frameworks and advanced material technologies.  

Project Coastal infrastructure plays a critical role in 

protecting urban settlements, especially in seismically active 

and flood-prone regions such as Palu City. Following the 

2018 earthquake and tsunami, coastal embankment projects 

have gained increasing relevance in national disaster 

mitigation agendas. This study focuses on analyzing how 

various quality factors contribute to the successful 

implementation of such embankment projects, particularly 

along the Cumi-Cumi coastline. In addition to addressing 

structural safety, the integration of durable construction 

materials and skilled field supervision is crucial for long-

term resilience. Challenges and SWOT Analysis 

In line with this, several studies have indicated that 

post-disaster coastal infrastructure must integrate quality-

oriented strategies that align with both technical standards 

and environmental challenges. Field conditions in post-

tsunami Palu, for instance, present unique difficulties such 

as unstable soil layers, high groundwater levels, and 

seasonal flooding. Addressing these local constraints 

requires not only robust materials but also adaptive 

supervision frameworks.  

Coastal infrastructure plays a crucial role not only 

in protecting urban environments from natural hazards but 

also in supporting economic functions such as logistics, 

fisheries, and tourism. In the aftermath of the 2018 

earthquake and tsunami in Palu, the urgency to rebuild 
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resilient infrastructure was emphasized by both national and 

international observers. The government's strategic response 

included strengthening coastal embankments to prevent 

future wave overtopping and soil liquefaction-induced 

failure. Moreover, the selection of construction methods and 

materials in post-disaster regions must consider the balance 

between speed, quality, and long-term durability. Precast 

concrete, geosynthetics, and other modular components 

offer accelerated deployment, but their effectiveness is 

contingent upon site-specific adaptation and proper 

supervision. Learning from the Cumi-Cumi coastal project 

provides insights into how infrastructure can be rebuilt with 

higher standards of quality, especially in disaster-prone 

areas where reconstruction pressure is intense. 

Research Objectives - To identify and describe the 

dominant factors influencing construction quality on the 

Cumi-Cumi embankment project. - To analyze the 

relationship between expected quality standards and actual 

implementation quality. - To evaluate construction materials 

and supervision as contributors to final project quality. 

 

LITERATURE REVIEW 

Quality management in infrastructure has evolved 

from simple compliance-based approaches to dynamic 

systems that emphasize continual improvement. The ISO 

9001:2015 framework, widely adopted across engineering 

sectors, promotes a process-based methodology, focusing on 

customer satisfaction, risk-based thinking, and leadership 

commitment. In construction projects, this translates into 

proactive supervision, real-time testing, and structured 

feedback mechanisms to ensure quality is embedded 

throughout the project lifecycle (Juran & Godfrey, 1999). 

Similarly, Crosby’s “Zero Defects” philosophy and 

Deming’s PDCA (Plan-Do-Check-Act) cycle are often 

integrated into quality assurance programs, especially in 

large-scale civil works. These theories emphasize 

minimizing rework and anticipating failure points before 

they escalate into cost and schedule deviations. 

 Studies Prior studies have examined factors 

affecting construction quality in road and embankment 

projects. Notable research includes Ali et al. (2022), 

Subandiyah (2016), and Al-Debei & Shahrour (2023), 

identifying coordination, extreme weather, testing delays, 

contractor experience, and equipment availability as 

influential factors.  

Previous studies have highlighted the pivotal role 

of construction material quality, especially in geotechnical 

and hydraulic structures. For instance, Surono et al. (2020) 

emphasized that poorly installed geomembrane and 

unverified geotextile quality led to significant seepage and 

early structural damage in embankment projects. 

Meanwhile, ISO 9001 emphasizes that process control, 

material traceability, and stakeholder communication are 

foundational to construction quality assurance. Juran’s 

trilogy provides further clarity, asserting that quality 

improvement is not a one-time event but an iterative, data-

informed process that should span planning through 

execution. 

Theoretical Framework Construction quality is 

defined by the conformity of construction outcomes with 

technical specifications and regulatory standards. In 

embankment projects, quality parameters include structural 

strength, stability, water resistance, and aesthetics. Technical 

and material factors, such as concrete strength, soil 

properties, and geosynthetics, are critical in determining 

embankment performance. 

In the cotext of ensuring long-term infrastructure 

resilience, quality frameworks such as ISO 9001 and Juran's 

Quality Trilogy have become increasingly relevant. ISO 

9001 emphasizes the need for strong process-based 

approaches, continuous improvement, and evidence-based 

decision-making in construction management. Juran's 

trilogy of quality planning, quality control, and quality 

improvement provides a structured approach to managing 

construction quality throughout the project lifecycle. These 

frameworks support the notion that both design-phase 

specifications and real-time field monitoring are essential to 

ensure project quality. 

Global benchmarks such as the American Concrete 

Institute (ACI) and ISO 9001:2015 Quality Management 

Systems offer structured frameworks for ensuring material 

reliability and process control in infrastructure projects. 

These standards emphasize the importance of preventive 

actions, corrective monitoring, and continuous improvement 

cycles. Comparative studies in Southeast Asia reveal that 

countries adopting ISO-integrated construction protocols 

experience fewer structural failures and improved long-term 

performance of embankment systems. 

Numerous studies emphasize the importance of on-

site quality control as a determining factor for construction 

success. According to Love et al. (2004), lack of supervision 

and delayed detection of defects account for over 40% of 

rework costs in civil infrastructure. Best practices involve 

establishing field laboratories, pre-task meetings, and daily 

checklists to ensure compliance with design specifications. 

In the context of embankment construction, supervisors play 

a critical role in monitoring compaction quality, concrete 

curing, and geosynthetic installation. The use of digital 

inspection tools, such as geotagged photo documentation 

and real-time reporting, has been found effective in 

improving traceability and accountability (Nasir et al., 

2017). 

 

FACTORS POTENTIALLY CAUSING QUALITY 

FAILURE 

The study identifies 5 dominant factor groups:  

 

1. Precast Concrete Quality 

a. Use of K-250 concrete with average compressive 

strength > 250 kg/cm².  

b. Performance influenced by factory-controlled casting, 

curing methods, and dimensional accuracy.  

c. Field documentation and lab tests confirmed 

compliance with SNI 03-2834-2000. 

  

2. Cast In-Situ Concrete Strength  

a. Requires consistent material mixing, vibration, and 

curing.  

b. Often prone to shrinkage and inconsistent compaction 

without rigorous control.  

 

3. Soil Strength and Stability  
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a. Influenced by cohesion (kPa) and shear angle (degrees).  

b. Improper soil compaction or untested fill material can 

reduce slope safety and cause failures.  

 

4. Geosynthetics (Geomembrane & Geotextile)  

a. Selection based on tensile strength (N/m), resistance to 

chemical exposure, and permeability.  

b. Use of locally produced vs. imported products was 

compared. Local products met specifications with lower 

cost.  

5. Supervision and Quality Control  

a. Includes routine inspections, material testing, and 

corrective documentation.  

b. Strong quality management correlates with reduced 

defects and higher performance in project delivery. 

 

STATISTICAL METHODS: 

Data Validation Strategy To strengthen the reliability 

of collected data, the study employed triangulation 

techniques by cross-verifying questionnaire responses with 

direct field observations and interview narratives. Internal 

consistency of the questionnaire items was tested using 

Cronbach’s Alpha, with values exceeding the 0.7 threshold. 

This ensured that the instrument measured each quality 

variable with acceptable reliability before regression 

analysis was conducted. 

1. Data Collection  

Data were collected through structured 

questionnaires, in-depth interviews, direct field 

observations, and review of project documentation. The 

study involved 25 respondents, including project managers, 

field supervisors, technical staff, and quality control 

personnel.  

2. Research Variables Independent Variables:  

a. X1: Expected Quality Standard  

b. X2: Actual Construction Quality  

 

Dependent Variable:  

a. Y: Construction Quality Performance  

Regression Equation:  

Y = 0.255 + 0.482X1 + 0.496X2 

The regression process was preceded by assumption 

testing to validate the data's suitability. A multiple linear 

regression analysis was chosen to assess the relationship 

between two independent variables (X₁ = expected quality, 

X₂ = actual quality implementation) and the dependent 

variable (Y = overall construction quality performance). 

Before applying regression, the normality and linearity 

assumptions were tested using Q-Q plots and Pearson 

correlation matrices. SPSS 26 was used for data analysis, 

with a significance threshold set at α = 0.05. The sample 

size (n=30) met the minimum requirement for reliable 

parameter estimation and yielded sufficient degrees of 

freedom for inferential testing. 

3. Data Analysis The study applied multiple linear 

regression to analyze the relationship between the 

independent variables and the dependent variable. The 

following steps were undertaken:  

a. Instrument Validity: Pearson correlation analysis was 

used to assess the validity of the questionnaire items.  

b. Instrument Reliability: Cronbach's Alpha was calculated 

to evaluate internal consistency and reliability.  

c. Exploratory Factor Analysis (EFA): EFA was conducted 

to identify the underlying structure of variables 

influencing construction quality. Classical Assumption 

Tests: Tests for normality, multicollinearity, and 

heteroscedasticity were performed to ensure model 

assumptions were satisfied. 

 

Factors potentially causing quality failure in this 

project included inadequate slope stabilization during 

earthwork, limited field knowledge on synthetic membrane 

handling, and inconsistent curing time due to accelerated 

work schedules imposed by funding deadlines. Precast 

elements, although generally high quality, showed 

occasional dimensional deviations when produced under 

high humidity. Additionally, the transition between 

traditional and geosynthetic material zones lacked clear field 

demarcation, causing irregularities in base layer compaction. 

 

RESULTS AND DISCUSSION 

1. Respondent Profile The majority of respondents were 

experienced professionals actively involved in project 

implementation, including project managers, field 

supervisors, and quality control officers. 

2. Instrument Validity All questionnaire items demonstrated 

significant correlation coefficients, indicating strong 

validity. 

3. Instrument Reliability The overall Cronbach's Alpha 

coefficient exceeded the minimum threshold of 0.60, 

confirming reliable internal consistency of the 

instruments. 

4. EFA Results Factor analysis grouped key variables into 

coherent factors representing material quality, soil 

properties, geosynthetics performance, and supervision 

quality. 

5. Classical Assumption Tests Results All statistical 

assumptions were met:  

a. Normality: Residuals followed a normal distribution.  

b. Multicollinearity: Variance Inflation Factors (VIF) were 

below the critical value of 10.  

c. Heteroscedasticity: No significant  

heteroscedasticity was detected. 

6. Multiple Linear Regression Analysis Results The 

regression model was statistically significant (p < 0.05). 

Both independent variables, X1 (expected quality) and 

X2 (actual quality), positively influenced construction 

quality performance (Y). The R-squared value of 78.7% 

indicated that the model could explain a large proportion 

of the variance in construction quality. 

 

Table 1. Model Summary 

Model R 
R 

Square 

Adjusted 

R Square 

Std. Error of 

the Estimate 

1 0.887 0.787 0.772 0.153 
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The data indicated that both X1 and X2 significantly 

influence Y. 

  R = 0.887 

  R2 = 0.787 

  F = 69.390, p < 0.000  

 Coefficients: - X1: β = 0.482, t = 4.161, p < 0.000 - X2: β = 

0.496, t = 4.280, p < 0.000 

 

Table 2. ANOVA 

Model 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Regression 3.258 2 1.629 69.390 0.000 

Residual 0.880 22 0.040 
  

Total 4.138 24 
   

 

The ANOVA (Analysis of Variance) test is used in 

multiple regression to determine whether the overall 

regression model is statistically significant—that is, whether 

the independent variables collectively explain the variation 

in the dependent variable. In your study: F-value: 69.390 

Significance (p-value): 0.000 

The F-value represents the ratio between the 

variance explained by the regression model and the 

unexplained variance (error). A high F-value (like 69.390) 

indicates that the regression model fits the data well. The p-

value (Sig. = 0.000) is less than 0.05, which means: The 

regression model is statistically significant. This implies that 

Expected Quality Standards (X1) and Actual Construction 

Quality (X2) together have a significant impact on 

Construction Quality Implementation (Y). 

Based on the ANOVA results, the regression model 

produced an F-value of 69.390 with a significance level of 

0.000. Since the p-value is less than 0.05, it can be 

concluded that the regression equation is statistically 

significant. This means that the combination of the 

independent variables—Expected Quality Standards (X1) 

and Actual Construction Quality (X2)—significantly 

influences the dependent variable, Construction Quality 

Implementation (Y). 

 

Table 3. Coefficients 

Model 

Unstanda

rdized 

Coefficie

nts (B) 

Std. 

Error 

Standar

dized 

Coeffici

ents 

(Beta) 

t Sig. 

(Const

ant) 
0.255 0.182 - 1.404 0.174 

X1 0.482 0.116 0.485 4.161 0.000 

X2 0.496 0.116 0.499 4.280 0.000 

 

The regression results demonstrate that the model is 

statistically significant with an R-squared value of 0.787, 

indicating that approximately 78.7% of the variation in 

construction quality performance (Y) is explained by the 

independent variables X₁ and X₂. Both variables show 

positive standardized coefficients—β = 0.485 for X₁ and β = 

0.499 for X₂—signifying that improvements in both 

expected and actual quality lead to enhanced construction 

outcomes. This finding is further supported by qualitative 

data. Interviews with project managers and field supervisors 

confirmed that close adherence to design specifications and 

the use of factory-produced K-250 precast concrete 

significantly contributed to achieving high construction 

quality. Respondents emphasized the critical role of 

consistent curing, precision in geotextile placement, and 

rigorous laboratory testing.  

Field Case: Concrete Panel Deformation During 

inspection, minor deformation in several precast concrete 

panels was reported, particularly in areas exposed to 

prolonged saturation. Although the strength parameters 

remained within acceptable limits, the visual irregularities 

indicated the need for improved on-site storage and handling 

procedures. This case highlights the gap between material 

lab quality and actual field performance, suggesting the 

necessity for post-delivery checks. 

These results underscore the need for balanced 

attention to both the planning phase and the actual field 

implementation phase, where deviations from expected 

quality frequently arise. 

7. Interpretation:  

a. Regression Equation:  

Y = 0.255 + 0.482 * X₁ + 0.496 * X₂  

b. The coefficient of determination (R²) is 78.7%, 

indicating that the model explains a substantial 

proportion of the variance in construction quality.  

c. The F-test confirms the model’s overall significance (F 

= 69.390; p = 0.000).  

d. Both X₁ (Expected Quality Standard) and X₂ (Actual 

Construction Quality) have significant positive effects 

on construction quality (p < 0.05).  

e. These results imply that improving either the quality 

standards or actual field quality significantly enhances 

overall construction performance. 

 

The regression model shows a strong correlation with 

an R-value of 0.887 and an R-squared value of 0.787, 

indicating that approximately 78.7% of the variation in 

construction quality performance (Y) can be explained by 

the independent variables (X1 and X2).  

The F-test results (F = 69.390, p-value = 0.000) confirm 

that the regression model is statistically significant overall.  

 

The regression coefficients indicate that both Expected 

Quality Standard (X1) and Actual Construction Quality (X2) 

have significant positive effects on construction quality (Y):  

X1: β = 0.482, t = 4.161, p = 0.000  

X2: β = 0.496, t = 4.280, p = 0.000  

Thus, both variables significantly and positively 

influence the construction quality performance, as 

confirmed by the regression equation: 

 

Y=0.255+0.482×X1+0.496×X2 

 

The results from the regression analysis reveal that 

material quality and technical supervision play the most 
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dominant roles in determining the success of embankment 

construction. In particular, the standardized beta coefficient 

for concrete quality (β = 0.453) indicates a strong positive 

effect on project performance. These findings align with 

similar research conducted on precast structures in disaster-

prone areas, where control over curing, casting, and 

dimensional precision directly contributes to structural 

integrity. Additionally, the geotextile implementation 

showed a moderate but statistically significant influence (β 

= 0.276). This outcome supports the hypothesis that material 

selection, even when using locally sourced geosynthetics, 

can meet performance expectations provided that correct 

installation procedures are followed. A recurring issue in the 

field, as noted by project engineers, involves improper 

anchoring and overlaps during geotextile placement, 

particularly under time-constrained conditions. 

 

PROJECT IMPLEMENTATION CHALLENGES AND 

SWOT ANALYSIS 

Despite several strengths demonstrated throughout the 

construction of the embankment project, various 

implementation challenges were encountered in the field. 

One of the significant difficulties was the limited capacity of 

workers in handling geomembrane installation, particularly 

under the constraints of unpredictable coastal weather 

conditions. During the rainy season, field surfaces often 

became slippery and uneven, complicating efforts to achieve 

proper overlap and anchoring of the geomembrane layers. 

As a result, reinstallation or correction had to be done, 

causing inefficiencies in time and resources.  

Another challenge was related to material certification 

processes, particularly for local geosynthetics. Although 

some suppliers claimed compliance with national standards 

(SNI), verification often required laboratory testing outside 

the city. These delays had a cascading effect on scheduling, 

especially when critical path activities depended on the 

delivery and approval of certified materials.  

To better understand the project’s strategic quality 

conditions, a SWOT (Strengths, Weaknesses, Opportunities, 

and Threats) analysis was conducted. This analysis 

summarizes internal and external factors that affected 

quality performance throughout the project's 

implementation. 

 

Table 4. SWOT Analysis of Construction Quality 

Implementation 

Category Description 

Strengths 

- Use of K-250 high-strength precast 

concrete with factory-controlled curing 

- Experienced supervision and adherence 

to design specifications 

Weaknesses 

- Limited skilled workforce in 

geosynthetic installation 

- Inconsistent field curing due to varying 

weather 

- Dependence on external lab certification 

Opportunities 

- Potential for utilizing certified local 

geotextile producers 

- Implementation of standard construction 

techniques across similar coastal areas 

Threats 

- Extreme weather events (e.g., storms, 

heavy rainfall) 

- Soil heterogeneity and instability 

- Logistic constraints due to remote 

location 

 

The SWOT analysis in Table 4 provides a 

comprehensive overview of internal and external factors 

affecting construction quality on the Cumi-Cumi 

embankment project.  

Strengths include the use of K-250 high-strength 

precast concrete, which ensures structural reliability due to 

consistent quality during manufacturing and curing in 

controlled factory environments. This is further reinforced 

by the presence of experienced supervisory personnel who 

closely monitor implementation and ensure that it aligns 

with technical specifications.  

Weaknesses, however, pose operational challenges. A 

shortage of skilled labor, particularly in the installation of 

geosynthetic materials such as geotextiles, often leads to 

improper placement or damage during construction. Field 

curing processes are also inconsistent due to fluctuating 

coastal weather conditions, which may affect the final 

strength of in-situ components. Furthermore, the reliance on 

external laboratory certification sometimes causes delays, 

especially when logistical constraints prevent timely sample 

delivery and validation.  

Opportunities emerge through the possibility of 

engaging certified local producers of geotextiles. This can 

reduce dependence on distant suppliers, improve delivery 

times, and enhance quality traceability. Moreover, the 

successful implementation of standard construction 

techniques in this project could serve as a model for 

replication across other coastal embankment projects in 

Indonesia, improving national resilience infrastructure.  

Threats remain primarily environmental and logistical. 

The project area is vulnerable to extreme weather events, 

such as heavy rainfall and coastal storms, which may halt or 

damage ongoing work. Soil heterogeneity and instability 

require continuous geotechnical assessment to ensure design 

assumptions remain valid. Additionally, the remote location 

contributes to logistic difficulties, particularly in the 

transport and storage of heavy precast elements and 

geosynthetics.  

In summary, while the project has strong internal 

controls and technical practices, it must proactively manage 

weaknesses and threats through localized supply chains, 

skill development programs, and flexible scheduling 

responsive to environmental conditions. 

 

DISCUSSION OF SWOT OUTCOMES  

The SWOT analysis underscores that while the project 

benefitted from high-quality materials and strong field 
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oversight, operational weaknesses such as labor skill gaps 

and dependency on external testing facilities must be 

addressed in future projects. These insights suggest a critical 

need for upskilling local labor through structured training 

programs and developing in-province testing laboratories to 

streamline project timelines. Moreover, risk mitigation 

strategies for environmental and logistical threats should be 

incorporated into early project planning to enhance 

construction resilience. 

Despite structured quality control protocols, 

supervision in coastal infrastructure projects remains 

inconsistent across regions. Key challenges include 

fragmented communication among subcontractors, delayed 

approval of field test results, and gaps between design 

specifications and practical feasibility. These issues are 

particularly pronounced in remote areas such as Palu, where 

logistical constraints and weather conditions can hamper 

consistent monitoring. A field-based approach involving 

localized checklists and pre-installation mock-ups has been 

proposed to standardize field execution. Additionally, 

assigning quality coordinators specifically responsible for 

daily reporting can reduce delays in decision-making and 

mitigate cascading defects.  

One of the key strategic alignments lies in leveraging 

the project's internal strengths—such as routine supervision 

and the use of high-quality precast materials—to exploit 

external opportunities like local material certification and 

labor development programs. By aligning routine technical 

inspections with government-backed quality improvement 

initiatives, project stakeholders can create a positive 

feedback loop where supervision reinforces compliance, and 

compliance builds trust. Furthermore, the presence of 

regional vocational schools (SMK Teknik Sipil) and local 

universities in Central Sulawesi can serve as strategic 

partners for training programs.  

Collaboration through internship placements or joint 

certifications can turn local manpower into skilled technical 

assets that meet national quality benchmarks. Rather than 

viewing environmental factors purely as threats, the project 

design process should integrate them as parameters. For 

example, soil liquefaction potential and tidal surge data can 

inform embankment height, compaction specifications, and 

drainage design. Incorporating these risks into early-stage 

planning minimizes the need for reactive corrections during 

execution. This proactive risk-oriented design mindset also 

encourages multidisciplinary input—bringing in geologists, 

hydrologists, and disaster risk planners at the design phase. 

Such integration ensures that quality is not only maintained 

through control and supervision, but also embedded 

structurally through foresight. 

In addressing identified weaknesses such as limited 

supervision capacity and insufficient technical labor, a 

policy-based response is recommended. This includes 

mandatory technical certification for contractors involved in 

coastal protection projects and the establishment of a 

regional project quality audit unit. These measures will 

reduce quality inconsistency and reinforce long-term 

infrastructure resilience in disaster-prone areas like Palu. 

A SWOT analysis revealed the following: - Strengths: 

High-quality concrete, experienced supervisors. - 

Weaknesses: Limited geosynthetic handling skills, weather 

inconsistencies. - Opportunities: Local geotextile 

production, vocational training. - Threats: Extreme weather, 

soil instability, logistical delays. 

Coastal infrastructure projects often demand material 

strategies that are tailored to harsh environments. In the 

Cumi-Cumi project, the combination of precast concrete and 

geosynthetics was critical in balancing speed and strength. 

However, the success of such material usage depends on 

three factors: correct specification, trained labor, and local 

supply chains. Future projects should develop a Material 

Readiness Index (MRI) to assess supplier capacity, delivery 

reliability, and product conformity before project launch. 

This index can serve as a screening tool during procurement 

planning to reduce risks of delayed or substandard material 

delivery. 

 Additionally, post-delivery inspections using mobile 

quality testing kits should be institutionalized. Field reports 

often show that even factory-tested materials may degrade 

during transport or storage in high-humidity coastal 

environments. Having on-site tools and trained quality 

inspectors enables teams to make immediate go/no-go 

decisions without disrupting schedules. 

One of the critical aspects influencing construction 

quality is the accuracy and consistency of field 

documentation. During the Cumi-Cumi embankment 

project, inconsistencies in daily reports and incomplete test 

result logs were identified as factors contributing to quality 

deviations. These gaps not only delay the decision-making 

process but also obscure the ability to trace quality failures.  

To overcome this, it is recommended that future coastal 

infrastructure projects adopt a Digital Site Diary System 

where each activity—from material arrival to installation 

testing—is logged in real time and geo-tagged. This 

digitalization helps in reducing manual errors and enables 

instant quality reviews by supervisors or auditors.  

Furthermore, technical documentation such as as-built 

drawings, material test certificates, and photos of installation 

sequences should be standardized into a central digital 

repository. A QR code system can be applied on-site to link 

physical components (e.g., precast panels or geotextile rolls) 

to their certification data, increasing traceability and 

accountability. 

 

STRATEGIC IMPLICATIONS FOR FUTURE 

PROJECTS 

In order to address the identified weaknesses and 

threats, future embankment construction projects in coastal 

disaster-prone areas should adopt a multi-pronged strategy. 

First, structured on-site training programs should be made 

mandatory for all construction workers dealing with 

geosynthetics and drainage materials. Second, regional 

governments should facilitate the establishment of mobile 

testing laboratories capable of conducting basic material 

verification to reduce project delays. Furthermore, 

integrating weather-resilient scheduling and modular 

construction phases can help mitigate the risk of weather-

induced disruptions.  
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The findings from this study provide strategic insights 

that can be translated into operational guidelines for similar 

infrastructure projects in coastal and post-disaster areas. One 

major implication is the need for an integrated quality 

management framework that spans from design to post-

construction auditing. This requires stakeholder alignment 

across planners, contractors, supervisors, and regulatory 

agencies. Secondly, future projects should adopt climate-

adaptive planning principles. Given the environmental 

volatility in coastal regions like Palu, embankment designs 

must incorporate redundancy in drainage, slope 

reinforcement, and erosion control. Budget allocations 

should also account for quality buffers—financial 

allowances dedicated to on-site corrections and emergency 

procurement without bureaucratic delays.  

Furthermore, institutional learning must be embedded. 

Project documentation, lessons-learned logs, and technical 

incident reports should be standardized and made accessible 

across regional offices. This practice not only prevents 

recurrence of quality failures but also accelerates capacity-

building across the civil works sector. Finally, strategic 

collaboration with academic and research institutions will 

enable continuous innovation in material testing, structural 

monitoring, and risk simulation—ensuring that future 

embankment projects evolve in line with scientific 

advancement and local needs. 

To sustain high-quality construction practices in 

regional areas, especially post-disaster zones, a 

decentralized oversight model should be implemented. 

Instead of relying solely on central agencies, local project 

management units must be empowered with the technical 

tools and legal mandate to enforce quality standards on-site. 

This includes the establishment of regional quality task 

forces composed of certified engineers, local government 

inspectors, and independent consultants. In parallel, 

workforce capacity-building must become a continuous 

program, not a one-time intervention. The development of 

modular, short-term training curricula focused on specific 

quality aspects—such as geotextile anchoring, concrete 

curing, and compaction testing—can address immediate 

skill gaps without disrupting project timelines. 

Strategic use of digital tools can drastically enhance 

quality documentation and accountability. Mobile-based 

inspection apps, GPS-tagged photo reporting, and integrated 

dashboards for real-time progress tracking should be 

incorporated into project workflows. These systems enable 

quick decision-making, minimize disputes, and provide 

clear audit trails in the event of technical failure or 

contractual disputes. Moreover, using data from previous 

projects like the Cumi-Cumi embankment as benchmarks 

can inform quality baselines for future work. Data-driven 

strategies can shift quality control from reactive correction 

to predictive prevention. 

Strategic implications to address workforce and 

supervision gaps, the study recommends: - Mandatory 

geosynthetic installation training. - Development of regional 

testing laboratories. - Integration of environmental risk data 

(soil liquefaction, tidal surge) into design phases. 

 

 

CONCLUSIONS 

1. The key factors influencing construction quality in the 

embankment project on Jalan Cumi-Cumi, Palu City, 

include the quality of precast concrete (K-250 grade), 

soil stability characteristics (cohesion and internal 

friction angle), the application of geosynthetic materials 

(geomembranes and geotextiles), and the implementation 

of effective construction supervision and quality control 

measures. These factors play a crucial role in ensuring 

structural strength, slope stability, and overall 

construction durability.  

2. The results of the multiple linear regression analysis 

reveal that both design-phase quality planning and field-

level construction practices exert significant and positive 

impacts on construction quality performance, as 

evidenced by an R-squared value of 78.7%. This finding 

highlights the importance of integrating proper design 

planning, careful material selection, and stringent 

supervision throughout the construction process to 

achieve high-quality outcomes, minimize the risk of 

construction defects, and enhance the long-term 

resilience of embankment structures, especially in 

coastal and disaster-prone areas. 

The regression model yielded an R² value of 0.787, 

indicating that 78.7% of the variance in construction quality 

performance could be explained by the two predictors. This 

demonstrates the model’s robustness and predictive power 

in practical construction contexts. Furthermore, the 

coefficient for X₁ (expected quality) was β = 0.485 (t = 

4.161, p < 0.01), and for X₂ (actual company quality), β = 

0.499 (t = 4.280, p < 0.01). Both variables significantly 

contributed to predicting construction quality. 

In conclusion, this research emphasizes the 

importance of integrating standardized quality management 

frameworks such as ISO 9001 into the implementation of 

coastal protection infrastructure. Future projects are 

encouraged to adopt a more systematic quality planning 

process, utilize certified local materials when feasible, and 

reinforce post-construction evaluations. Doing so will help 

enhance the durability and resilience of embankment 

structures, particularly in disaster-prone and coastal regions 

like Palu City. 

It is evident that quality assurance measures must 

be reinforced at every stage of project execution—from 

procurement and material inspection to supervision and field 

testing. The present study underlines the necessity for 

government and private stakeholders to adopt a more 

rigorous QA/QC framework, particularly in regions 

recovering from natural disasters. Future research may also 

consider incorporating environmental impact indicators and 

life cycle cost analysis into construction quality models. 

Practical Recommendations Establish on-site 

mobile testing laboratories to shorten material verification 

time. Encourage certification programs for construction 

workers in handling geosynthetics. Introduce digital 

monitoring tools for real-time quality tracking on 

infrastructure projects. Recommendations for Stakeholder 

Coordination Implement mandatory coordination meetings 

every two weeks between field engineers, quality 

controllers, and contractors. Develop digital quality tracking 
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templates tailored to project scale and location. Encourage 

local governments to adopt incentive schemes for 

contractors achieving verified quality milestones. Include 

community representatives in monitoring committees to 

increase transparency and trust. 

Strengthen collaboration between local 

universities and contractors to ensure knowledge transfer on 

best practices. This study also contributes to Indonesia’s 

broader agenda of enhancing climate and disaster resilience 

through infrastructure. Embankment quality not only 

ensures project durability but also reduces the long-term 

socioeconomic risk posed by tidal floods and land erosion. 

Integrating quality assurance mechanisms into disaster-

resilient planning is, therefore, a strategic imperative for 

national development. 

Policy and Practical Integration These findings 

advocate for the integration of quality standards into public 

procurement and project monitoring frameworks. National 

infrastructure policies should mandate not only design 

compliance but also enforce performance-based evaluations 

throughout the construction lifecycle. The introduction of a 

centralized digital dashboard to track project quality metrics 

could further improve transparency and accountability 

across stakeholders. This study not only contributes to 

infrastructure project quality but also intersects with 

sustainable urban planning.  

Coastal cities like Palu require infrastructure 

systems that are flexible, maintainable, and socially 

integrated. Therefore, quality must be redefined not only as 

technical compliance, but as long-term serviceability under 

environmental and human variables. 
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